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Abstract 
 
Budgets of different levels are mainly formed by performance of the enterprises making part of various industrial clusters, 
including, first of all, the regional industrial clusters having a decisive impact on social and cultural development of the particular 
region. So it is no wonder that performance efficiency of such enterprises is scrutinized by the regional management bodies. 
Improvement of performance efficiency of the enterprises involved in the regional clusters is dependent on quite a few external 
and internal factors. This paper includes a review of the methodological approach designed for evaluation of the effect 
produced by such factors on performance of the enterprises making part of the industrial cluster of the particular region, which 
could be used for mapping out a development strategy for such enterprises, for planning their current and future business 
activities, as well as for identification of possible effects of decision-making process taking place at a management level. 
Practical aspects of the scope of application of the proposed methodological approach have been reviewed, which are 
accommodated to the business environment in which the enterprises making part of one of the largest regional petrochemical 
clusters in Russia operate. 
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 Introduction 1.
 
A paramount prerequisite for moving the Russian economy towards sustainable development is a sizable improvement of 
performance efficiency of the regional economic systems. It is apparent that the issue should be addressed taking into 
consideration the peculiarities of social and economic development of different regions whilst required to be supported by 
a corresponding cluster-based infrastructure. It is worth noting that the cluster-based infrastructure is instrumental in 
advancement of the regional economic systems. The cluster-based infrastructure is predetermined, in the first place, by 
creation of all conditions necessary for operation of the production industries, as well as for realization of the functions 
being of marginal significance from the point of view of social and economic development. In the second place, the 
cluster-based infrastructure may be regarded as a driving force for the regional development, which could serve to 
facilitate achievement of expectations with respect to the expanded regional reproduction. Therefore, all efforts aimed at 
improvement of the performance efficiency should be closely linked to the social and economic development strategies 
and accounted for when mapping out strategic programs designed for advancement of respective regional industrial 
clusters and geographical clusters. 
Since 2008, the industrial complex operating in the Republic of Tatarstan that represents one of the most 
industrially well-developed regions of the Russian Federation has been managed based on the cluster-type development 
model (Melnik and Dyrdonova, 2014) which was built using the principle of taking all advantages of cluster-type 
development, inclusive of comprehensive enhancement of interfirm co-operation, effective subcontracting, application of 
state-of-art management technologies etc. Higher competitive ability of the primary enterprises forming the core of the 
cluster must provide background for advancement of other members within the cluster, including all small-size 
businesses, service and specialized service enterprises, R&D and educational centers etc.  
The petrochemical sector is a priority area of development of the economy of the Republic of Tatarstan. 
Consequently, special emphasis is laid on promotion of the petrochemical cluster. The primary enterprise catering for the 
petrochemical sector not only of the Republic of Tatarstan but the Russian Federation as a whole is the Public Joint-
Stock Company Nizhnekamskneftekhim (Melnik and Dyrdonova, 2015). That is why the issues related to improvement of 
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production, commercial and financial performance efficiency of Nizhnekamskneftekhim appear to be extremely vital in the 
current context. 
 
1.1 Purpose of the study 
 
Efficiency of performance of the enterprises operating in the regional cluster is influenced by a number of factors. This 
circumstance, in its turn, underlies the need for new approaches to how to manage the performance efficiency of the 
enterprises being members of the cluster subject to the degree of impact of the external and internal factors on the 
functioning of the clusters. Therefore, the main purpose of the conducted study was development of a methodological 
approach to assessment of the factors influencing the performance of the enterprises, which could be used for both 
making on-the-spot decisions on management level and solving any strategic development-related issues aimed at 
promotion of innovative activities and strengthening competitive performance of the regional cluster. 
Application of the approach is supposed to help achieving a wide range of analytical tasks aimed, first of all, at 
determination of an optimum correlation between production output, arising production costs, and generated profit; 
second, at justification of the most appropriate range and volume of the products; third, at setting a threshold of financial 
sustainability and financial strength of the enterprise making part of the regional cluster in different functioning conditions. 
 
1.2 Objectives of the study 
 
Fulfillment of the purpose of the study necessitates achieving quite a few tasks and objectives including: 
– review of evolution of the scientific approaches to determination and assessment of cluster-based organization 
and development of a particular economy along with identification of their unique features and peculiarities;   
– generalization of the existing methodological approaches to evaluation of performance efficiency of the 
enterprises operating in the regional cluster; 
– development of a baseline pattern and algorithms for assessment of the factors influencing the performance 
efficiency of the enterprise making part of the regional cluster; 
– validation of the developed methodological approach using as an example performance of the enterprises 
functioning in one of the largest regional petrochemical clusters in Russia; 
– working out practical recommendations for molding a development strategy of the enterprises making part of 
the industrial cluster. 
 
 Literature Review 2.
 
Models of cluster-based development of economy and production pattern arrangement were suggested by a number of 
American scientists, namely M. Porter, M. Lorenzen, P. Maskell, S. Rosenfeld, M. Storper, M. Enright etc. One of the 
founders M. Porter devised a model of competitive advantages origination, according to which separate regions gain 
additional competitive advantages when the enterprises functioning in a particular industry sector are massed in one 
geographic location (Porter, 2005). According to the theory of territorial clusters suggested by M. Enright, competitive 
advantages are formed in the cluster at a regional level (Enright, 1992), with the regional clusters representing particular 
objects at which the clusterization policy is aimed. 
S. Rosenfeld investigated the links between the enterprises functioning within the clusters and the associated 
organizations regarded as an essential element of the clusters, which significantly furthered the theory of regional clusters 
(Rosenfeld, 1997). In his opinion, regional clusters are not limited just by geographically concentrated location of 
interdependent firms. Moreover, the regional clusters should have the same liaison channels to facilitate production 
related transactions, as well as interaction and communication. This idea was further explicated in the writings by P. 
Maskell and M. Lorenzen who came to the conclusion that network interaction between the firms arranged on the basis of 
the trust your partner principle is the main prerequisite for formation of a competitive regional cluster as well as for 
improvement of the competitive ability of the companies involved in the cluster (Maskell and Larenzen, 2003). French 
scientists J. Tolenado (Tolenado, 1978) and D. Soulie (Soulie, 1989) studied the cluster in the context of technological 
dependence of one sector of economy on the other, which is based on the need for creation of technological chains 
between the industry sectors for the purpose of realization of their potential advantages. A Swedish researcher E. 
Dahmen defined a cluster as a constellation of sectors or “blocks of development” of an economy where a basis for 
progress is liaison between the sectors serving to ensure interdependent development (Dahmen, 1950). A modern model 
of cluster-based development has been devised by V. Feldman who defined a cluster as a diversified combination of 
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industries and organizations bound up with relations that are based on the «cost – output» matrix (Feldman, 1999).  
Various aspects relating to improvement of efficiency of the national economy and working out effective policy to 
be pursued at the regional management level were reviewed in a number of the studies by E. Bergman, E. Feser, D. 
Husby, M. Enright, A. Granberg etc. A significant contribution to development of the theory and practice of the economic 
analysis of enterprises was made by A. Bernstein, M. Brett, J. Richard, R. Thomas, G. Harman, E. Helfert,  J. 
Schumpeter, P. Anthony Samuelson, R. Ackles and others. 
However, notwithstanding a great number of the studies on the issues under review in this paper, no 
methodological approaches to carrying out management and control over upgrading of the regional clusters’ performance 
efficiency have evolved until now. 
 
 Research Methodology 3.
 
A mathematical apparatus was used to carry out an operational analysis aimed at identification of various factors 
influencing the performance efficiency of an enterprise making part of the petrochemical cluster. The choice is reasoned 
by the offered possibility to model variability of the efficiency indicators in different combinations of the factors under 
study. This point is of paramount importance from the point of view of mapping out a development strategy for an 
enterprise making part of the petrochemical cluster, planning its current and future business activities, assessment of 
potential effect of the decision-making process at the managerial level etc.  
To that end, the amount of profit was taken as an indicator showing the performance efficiency of the enterprise. 
The interrelation of the key factors having the strongest impact on profit generation (P) at the enterprise involved in the 
petrochemical cluster can be presented as follows: 
P = V × (PP – PC – EC),                                    (1) 
V – volume of sales in kind; PP – average unit price of product; PC – prime cost (excl. energy cost) of a unit of 
product; EC – energy cost per a unit of product. 
It is worth noting that separation of energy cost as a factor calling for an independent analysis is caused by the fact 
that high energy intensity of the production complexes operated by the Russian enterprises making part of the 
petrochemical clusters is the major constraint on improvement of their competitive ability in the world market (Melnik and 
Lukishina, 2014; Melnik and Mustafina, 2014; Sadriev, 2014; Melnik and Dyrdonova, 2015). It should be pointed out that 
PJSC Nizhnekamskneftekhim (NKNK) is the biggest energy consumer compared to other enterprises operating in the 
petrochemical sector of the Republic of Tatarstan, with NKNK consumption rates reaching  10 % of electric power and 30 
% of thermal energy generated by the overall power grid of the region. Therefore in the current context the issues related 
to improvement of the energy efficiency of this enterprise appear to be particularly topical. The situation is aggravated by 
the constant escalation of prices for electricity and heat power supplied by the energy providers in the region.  
According to the methodological approach proposed by the authors of this paper, the operational analysis of profit 
generated by the enterprise involved in the petrochemical cluster is suggested to be carried out in a phased manner. 
Stage 1 of the operational analysis consists in determination of a degree of operating leverage with respect to each 
factor. An effect of operating leverage is manifested in the fact that any variation of the factor under study always results 
in a strong change in the profit. The following models are proposed to determine the degree of operating leverage:  
DOLV = ,                                                      (2) 
DOLPP = ,                                                     (3) 
DOLPC = ,                                                     (4) 
DOLEC = ,                                                  (5) 
DOL – degree of operating leverage with respect to the factor under study: for volume of sales – DOLV; price – 
DOLPP; prime cost (excluding energy cost) – DOLPC; energy cost – DOLEC; MR – marginal revenue; P – profit; SP – sales 
proceeds; PC – prime cost excluding energy cost; EC – energy cost. 
Stage 2 of the operational analysis consists in a sensitivity analysis of gross profit generated by the enterprise vs. 
variation of one of the factors, for which the following model is used: 
P%  =  DOL  F% ,                                            (6) 
P%  – percent change in profit; F% – percent change in the factor under study. 
P
MR
P
SP
P
PC
P
EC
×
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Stage 3 of the operational analysis consists in a break-even analysis differing from the conventional analysis by the 
fact that an objective of the break-even analysis is to determine a break-even point along with financial safety margin 
restricted to the volume of sales of the products manufactured by the enterprise. The financial safety margin here is taken 
to mean the volume of revenue which is currently in excess over the critical value at this enterprise. 
The operational analysis procedure underpinned by the classical analysis of break-even operation of the 
enterprise, which is typically carried out to weigh the volume of sales, allows accommodating this analysis technique to 
assess influence of other factors, inclusive of costs and prices. For this purpose a break-even point and financial safety 
margin are determined with respect to each element of the operating leverage using the following models: 
FSM% = 1 / DOLF  100,                                (7) 
FSM = F  FSM%,                                          (8) 
BEP% = F (1 – 1/ DOLF),                             (9) 
BEP – break-even point, %; FSM% – financial safety margin, %; FSM – financial safety margin, abs. un. 
Thus, the operational analysis of an enterprise represents an analysis of performance of an enterprise carried out 
on the basis of an analysis of profit to cost ratio, which allows identification of interconnections between the profit and 
cost indicators at different volumes of output. We believe that analysis of this type appears to be the most effective tool 
for planning and forecasting performance efficiency of an enterprise involved in an industrial cluster. 
 
 Findings and Discussions  4.
 
Validation of the proposed methodological approach was conducted through the example of PJSC 
Nizhnekamskneftekhim. The calculation results are shown in Table 1 below. 
 
Table 1 – Degree of operating leverage with respect to the factors under study 
 
Indicators 2010 2011 2012 2013 2014 
Degree of operating leverage by the volume of sales (DOLV) 3,95 4,28 4,56 5,81 4,22 
Degree of operating leverage by price (DOLPP) 4,66 5,04 5,40 7,22 5,07 
Degree of operating leverage by prime cost (excluding energy cost) (DOLPC) -2,95 -3,28 -3,56 -4,81 -3,22 
Degree of operating leverage by energy cost (DOLEC) -0,71 -0,77 -0,84 -1,42 -0,85 
 
The results obtained in the course of the case study allow for the conclusion that the strongest effect on the amount of 
profit generated by PJSC Nizhnekamskneftekhim is produced by the price factor. The degree of operating leverage varies 
within 4.66 – 7.22. Volume of sales, by its impact on the amount of profit, ranks next to price. The degree of operating 
leverage with respect to the volume of sales factor varies within 3.95 – 5.81. The degree of impact of the remaining 
factors is somewhat lower. As far as prime cost is concerned, this factor varies within 2.95 – 4.81 without including 
energy cost, while the energy cost factor varies within 0.71 – 1.42. 
Further, after having processed relevant information covering the performance indicators demonstrated by PJSC 
Nizhnekamskneftekhim, a scale of assessed factors variation was developed along with assessment of an impact exerted 
by each of the factors on the amount of profit (Table 2). 
 
Table 2 – Profit sensitivity to variation of the factors under study 
 
Factors DOL2014
Percent change of profit in case of variation of a relevant factor by 
-15% -10% -9% -6% -5% -3% +3% +5% +6% +9% +10% +15% 
Volume of sales 4,22 -63,3 -42,2 -37,98 -25,32 -21,1 -12,66 12,66 21,1 25,32 37,98 42,2 63,3 
Price 5,07 -76,05 -50,7 -45,63 -30,42 -25,35 -15,21 15,21 25,35 30,42 45,63 50,7 76,05 
Prime cost (excl. energy cost) -3,22 48,3 32,2 28,98 19,32 16,1 9,66 -9,66 -16,1 -19,32 -28,98 -32,2 -48,3 
Energy cost -0,85 12,75 8,5 7,65 5,1 4,25 2,55 -2,55 -4,25 -5,1 -7,65 -8,5 -12,75 
 
The results obtained in the course of the case study allow for sizing up the percent change in the amount of profit in case 
of variation of one of the factors by some percentage. For example, when the volume of sales increases by 15% the 
gross profit will increase by 63.3%, whereas if the energy cost increases by 10% the gross profit will decrease by 8.5%. 
To demonstrate the obtained results, a profit elasticity graph vs. the factor under study was plotted on the basis of 
the data from Table 2 (Figure 1). 
×
×
×
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Figure 1 – Profit elasticity vs. the factors under study 
 
The results obtained in the course of the case study suggest that the higher the inclination of a straight line (Fig. 1) the 
higher the elasticity of profit with respect to variation of the factors under study. Inclination of a straight line is determined 
based on the degree of operating leverage, where the higher the degree of operating leverage with respect to the factor 
under study, the higher inclination of the straight line. 
The graph shown in Figure 1 allows considerable expansion of analytical capabilities with respect to the 
managerial decision-making process, whilst making it possible, first, to predict changes in profits in case of variation of 
different factors; second, to identify the factors which, when modified, could facilitate achievement of operating and 
strategic objectives of development of the enterprise; third, make a justified evaluation of the scope of necessary changes 
to gain the desired results.  
The break-even analysis results covering the enterprise under study are presented in Table 3 below. The results 
obtained in the course of the case study allow for the conclusion that of critical importance are the following values of the 
factors under study when observed from the point of view of a potential loss of profit in case of variation of any of the 
factors: decrease in the volume of sales by 23.7%; price reduction by 19.72%; increase in prime cost (excluding energy 
cost) by 31.06%, and increase in energy cost by 117.65%. 
 
Table 3 – Evaluation summary of break-even analysis results 
 
Factors DOL (2014) Value (2014), thous RUB BEP, thous RUB FSM, thous RUB FSM, % 
Volume of sales 4,22 94 407 096 72 035 746 22 371 350 23,70 
Price 5,07 34,25 27,49 6,76 19,72 
Prime cost (excluding energy cost) -3,22 60 001 824 78 635 931 -18 634 107 -31,06 
Energy cost -0,85 15 768 518 34 319 716 -18 551 198 -117,65 
 
Table 3 allows for plotting a graph showing the financial safety margin of the enterprise based on the factors under study 
(Figure 2). 
 
 
 
Figure 2 – Financial safety margin of the enterprise based on the factors under study 
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The financial safety margin graph plotted on the basis of the factors under study allows for determination of an amount of 
profit generated by the enterprise in case of variation of any of the factors under study, as well as assessment of variation 
of a numerical value of any of the factors under study at the specified rate of change in the profit. 
 
 Conclusions 5.
 
The proposed methodological approach allows creating the necessary background for modelling an effect produced by 
different factors on performance efficiency of the enterprises involved in the regional industrial cluster. When used as 
intended, the technique makes it possible to select the most preferred combination of the factors from the point of view of 
achievement of target performance indicators of the particular enterprise. An essential advantage of the presented 
approach is that practical application of this technique when utilized for solving applied problems relating to the 
functioning of enterprises does not call for large amounts of background information which could be easily obtained from 
standard account ledgers. 
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